























tailed	 studies,	 such	phenomenon	may	be	 referred	 to	as	a	precursor	 for	earthquake	prediction.	However,	 today	 the	
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Аннотация:	 Землетрясения	 способны	 создавать	 тепловые	 аномалии	 в	 атмосфере	на	малых	 высотах.	 Такие	
аномалии	могут	рассматриваться	в	качестве	вероятного	предвестника	при	прогнозирования	землетрясений,	
в	связи	с	чем	требуются	целенаправленные	детальные	исследования.	На	сегодня	знаний	о	тепловых	анома‐
лиях,	 появляющихся	 перед	 землетрясениями,	 недостаточно.	 В	 статье	 представлены	 результаты	 изучения	
термических	аномалий,	имевших	место	перед	землетрясением	в	провинции	Горкха	(Непал)	(Mw=7.8)	25	ап‐
реля	2015	г.,	как	свидетельствуют	значения	температуры	поверхности	Земли,	зарегистрированные	сканиру‐
ющими	 спектрорадиометрами	 среднего	 разрешения	 MODIS,	 а	 также	 данные	 о	 температуре	 атмосферного	
воздуха	и	уходящего	длинноволнового	излучения	(OLR).	Метод	вейвлет‐преобразования	в	двух‐	и	трехмер‐
ном	пространстве	использован	для	интерпретации	повышения	суточных	значений	MODIS	и	OLR	в	реальном	
времени	накануне	 землетрясения.	По	 спектральной	плотности	накануне	реального	 сейсмического	 события	



















Among	 the	 remarkable	 phenomena	 that	 have	 been	
widely	 reported	 to	 occur	 prior	 to	 major	 earthquakes	
are	 anomalies	 in	 the	 thermal	 infrared	 (TIR)	 emission	
from	 the	 ground	 [Tronin	 et	 al.,	 2004;	 Saradjian,	




gases	 emanating	 from	 the	 ground,	 due	 to	 micro‐frac‐
turing	of	rocks	and	opening	of	fissures	[Freund,	2010].	
However,	inconsistencies	with	this	explanation	have	
been	noted	early.	 In	many	cases,	even	 though	 the	epi‐
centers	of	the	seismic	events	and	the	active	faults	were	
located	 on	 flat	 land	 or	 in	 valleys,	 the	 observable	 TIR	
emissions	were	 concentrated	 on	 topographic	 highs	 or	
mountains	some	distance	 from	the	epicenter	 locations	




kistan)	 earthquakes	 [Saraf	 et	 al.,	 2008].	 Another	 stri‐
king	example,	 for	which	TIR	maps	with	high	 temporal	
and	 spatial	 resolution	 are	 available,	 is	 the	 06	 April	
2008	 M6.3	 L’Aquila	 earthquake	 (Italy)	 [Piroddi	 et	 al.,	
2014a,	2014b].	Figure	1a	in	Piroddi	et	al.	[2014b]	shows	
the	satellite	 images	of	 the	L’Aquila	valley	and	 the	sur‐
rounding	area.	The	valley	 floor	 is	known	to	have	been	
dissected	by	several	active	faults,	including	the	one	that	
ruptured	 during	 the	 L’Aquila	 event.	 Hence,	 the	 valley	
floor	 can	 be	 viewed	 as	 the	most	 likely	 place	 wherein	
warm	gases	could	have	emanated	from	the	ground	pri‐
or	to	the	earthquake.	However,	according	to	Figure	1b,	
three	 nights	 before	 the	 earthquake,	 there	 was	 a	 very	
little	 excess	 TIR	 emission	 from	 the	 valley	 floor,	while	
the	mountain	 ranges	 on	 either	 sides	 exhibited	 strong	
TIR	 anomalies.	 Observations	 like	 these	 indicate	 that	
some	of	the	ideas	promoted	since	the	discovery	of	TIR	
anomalies	 (Mw=7.8	 Gorkha,	 Nepal)	 cannot	 be	 correct	
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and	 that	 the	 concept	 of	 warm	 gases	 or	 greenhouse		
gases	 seeping	 out	 of	 the	 ground	 at	 or	 near	 the	 fault	
zones	prior	to	earthquakes	has	to	be	revised.	
Different	anomalous	phenomena	regarding	the	phy‐
sical	 and	 chemical	 characteristics	 of	 pre‐earthquake	
anomalies	in	the	vicinity	of	earthquake	breeding	zones	
have	been	 reported	 over	 the	 years,	 requiring	 a	multi‐
disciplinary	 approach	 [Zhang	 et	 al.,	 2009;	 Jin	 et	 al.,	
2010,	2015;	Liu	et	al.,	2009].	Their	explicit	relationships	
to	 the	 seismic	 events	 are	 often	 not	 clear.	 It	 has	 been	
proposed	 that	 energy	 released	 before	 major	 earth‐
quakes	 can	 generate	 thermal	 anomalies	 in	 the	 lower	
atmosphere	 [Shah,	 Jin,	2015].	 If	 so,	 these	 thermal	ano‐
malies	must	be	due	 to	 a	 combination	of	 complex	 che‐
mical	 and	 physical	 processes	 caused	 by	 the	 stress	 in	
the	rocks	below	the	epicentral	area.	The	recent	studies	
of	 atmospheric	precursors	and	 their	 relation	 to	earth‐





It	has	been	suggested	 that,	 in	 the	earthquake	bree‐
ding	region,	the	build‐up	of	stresses	in	the	rocks	create	
fractures	 and	 fissures	 that	would	 allow	deep	 gases	 to	
seep	 out	 of	 the	 rocks	 and	 emanate	 into	 aquifers	 or	
ground	 water	 or	 the	 low‐altitude	 atmosphere.	 These	
emanating	 gases	 would	 combine	 with	 gases	 that	 are	
already	 present,	 increasing	 the	 lithospheric	 pressure,	
raising	up	to	atmosphere	along	the	faults,	and	causing	a	
temperature	 increase	 in	 the	 atmosphere.	 At	 the	 same	
time,	water	vapor	would	be	 released	absorbing	 in	 the	
infrared	as	indicated	by	changes	in	the	MODIS	LST	and	
unusual	 OLR	 data	 [Xiong	 et	 al.,	 2010;	 Rawat	 et	 al.,	
2011].	Pulinets	et	al.	 [2006b]	reported	that	doubling	of	
the	 volume	 of	 greenhouse	 gases	would	 lead	 to	 a	 5	 °C	
increase	 in	 land	surface	 temperatures	 injecting	excess	
energy	 into	 the	 atmosphere.	 Concurrently,	 groundwa‐
ter	 and	 spring	 waters	 in	 the	 epicentral	 regions	 have	
been	 reported	 to	 exhibit	 abnormally	 high	 concentra‐
tions	 of	 CO2	 and	 to	 undergo	 other	 chemical	 changes	
prior	to	major	earthquakes	[Pulinets,	Ouzounov,	2011].	
While	many	 of	 the	 explanations	 for	 the	 observable	
non‐seismic	 pre‐earthquake	 phenomena	 that	 have	
been	offered	 in	 the	 literature	appear	plausible,	 it	 is	 to	
be	noted	that	they	are	by	no	means	universally	accep‐
ted.	There	is	opposition	in	some	expert	circles,	 in	par‐
ticular	 among	 seismologists	 [Freund,	 2003;	 Freund	 et	
al.,	2007],	who	point	 out	 that	 the	various	 components	
of	 the	 proposed	 lithosphere‐atmosphere‐ionosphere	
coupling	 are	 linked	 together	 by	 ad	 hoc	 postulates	 for	
which	 there	 is	 no	 observational	 confirmation.	 This	 is	
particularly	true	for	the	assumption	that,	prior	to	major	
earthquakes,	fissures	would	open	in	the	shallow	crust,	




surements	 in	 the	 shallow	 crust,	 using	 very	 sensitive	
strain	gauges	in	boreholes	up	to	2	km	depth	or	deeper,	
have	 been	 unable	 to	 confirm	 that	 a	 stress	 build‐up	 at	
these	 levels	 would	 be	 high	 enough	 to	 cause	 fissuring	
and	fracturing	of	the	rocks	[Freund,	2000].	Such	obser‐
vations	 invalidate	 an	 important	 tenet	 on	 which	 the	
most	 widely	 promoted	 lithosphere	 –	 atmosphere	 –		
ionosphere	 coupling	 ideas	 are	 based,	 namely	 that	 of	
pervasive	 pre‐earthquake	 fissuring	 and	 fracturing	 of	
the	rocks	as	a	prerequisite	for	the	release	of	gases	from	
the	ground	and	for	changes	in	water	chemistry.	In	addi‐
tion,	 observations	 as	 documented	 in	 Figure	 1a/b	 in	
Piroddi	et	al.	[2014b]	disprove	the	idea	that	the	release	
of	 warm	 gases	 or	 greenhouse	 gases	 from	 the	 ground	
could	be	the	cause	of	TIR	anomalies.	
Of	 course,	 earthquakes	 are	 mechanical	 events,	 du‐
ring	 which	 enormous	 amounts	 of	 mechanical	 energy	
can	 be	 released	 within	 a	 very	 short	 time.	 It	 is	 reaso‐
nable	 to	assume	that,	prior	 to	such	a	process,	stresses	
must	 build	 up	 in	 the	 hypocentral	 region	 deep	 below,	
where	 the	 catastrophic	 rupture	 will	 eventually	 occur	
when	the	stresses	exceed	a	critical	value.	However,	it	is	
not	 reasonable	 to	 assume	 that,	 because	 earthquakes	





In	 this	 study,	 pre‐earthquake	 thermal	 anomalies	 at	
high	 elevation	 areas	 associated	with	 the	 2015	Gorkha	









OLR	 and	 air	 temperature	 related	 to	 the	 2015	 Gorkha	
Mw	7.8	earthquake	were	retrieved	from	NASA/AVHRR	
and	 National	 Centers	 for	 Environmental	 Prediction	
(NCEP),	 respectively.	 Additionally,	 information	 about	
the	seismicity,	epicenter	and	moment	magnitude	of	the	
earthquake	 was	 collected	 from	 the	 Global	 Centroid	
Moment	 Tensor	 Catalog	 (GCMT).	 This	 earthquake	 oc‐
curred	 on	 25	 April,	 2015	 at	 06:11:25	 (UTC).	 The	 epi‐
center	 was	 located	 82.4	 km	 NW	 of	 the	 capital	 city	
Kathmandu.	Some	information	about	 the	 local	geology	
and	atmospheric	 conditions	 in	 the	 study	area	was	ob‐
tained	 from	 the	 reports	 of	 the	Meteorological	Depart‐
ment	of	Nepal.		
The	Moderate	Resolution	 Imaging	 Spectroradiome‐
ter	 (MODIS)	 sensor	was	 designed	 in	 the	mid‐1995	 to	




(NASA)	 on	 two	 satellites,	 Terra	 and	 Aqua	 (originally	
named	EOS	AM‐1	and	EOS	PM‐1,	respectively)	orbiting	
at	 705	 km	 above	 the	 mean	 sea	 level.	 The	 MODIS	 in‐
struments	 on	 the	 Aqua	 (ascending	 node)	 and	 Terra	
(descending	node)	satellites,	operating	on	the	sun‐syn‐
chronous,	 near‐polar	 circular	 orbit,	 survey	 the	 entire	
Earth’s	 surface	 in	 36	 spectral	 bands	 ranging	 in	wave‐
lengths	 from	 0.4	 µm	 to	 14.4	 µm	with	 250	 m,	 500	m,		
and	 1	 km	 spatial	 resolutions.	 The	 MODIS	 footprint	 is		
2330	km	(cross	track)	by	10	km	(along	track	at	nadir).	











scribed	 by	 Liebmann	 [1996]	 provides	 information	
about	 the	 Earth’s	 atmosphere.	 When	 pre‐earthquake	
OLR	anomalies	occur,	they	are	thought	to	be	caused	by	
an	 unbalanced	 heat	 exchange	 between	 earthquake	
breeding	zones	and	the	air	column.	The	main	drivers	of	
the	OLR	anomalies	 are	 thought	 to	be	gases	 and	water	
vapor	 emanating	 from	 the	 ground	 in	 pre‐seismic	 re‐
gions,	 though	 questions	 how	 coupling	 between	 the	
earth	 surface	 and	 the	 top	 of	 the	 atmosphere	 is	 sup‐
posed	to	have	not	been	addressed	yet.	
Operationally,	OLR	is	a	useful	parameter	to	estimate	
the	 variations	 in	 atmospheric	 conditions	 as	 related	 to	
pre‐earthquake	and	earthquake	activity.	Changes	in	the	
OLR	data	 are	 consistent	with	 changes	 in	other	 atmos‐
pheric	 parameters.	 Further	 information	 can	 be	 down‐
loaded	 from	the	official	website	of	NOAA	Climate	Pre‐
diction	Center	and	NCEP	Data	Center,	where	 the	algo‐
rithm	 to	 calculate	 OLR	 and	 relevant	 publications	 are	
also	available.	
The	 Earth	 surface	 temperatures	 at	 Kathmandu	 and	
Pokhara	were	 derived	 to	 confirm	 the	MODIS	 land	 sur‐
face	 temperature	 perturbations.	 Based	 on	 emissivity,	
anomalous	ground	temperature	increases	up	to	5–10	°C	
were	recorded.	According	to	[Saradjian,	Akhoondzadeh,	
2011;	 Akhoondzadeh,	 2012],	 such	 increases	 in	 the	
ground	 temperature	 cannot	 be	 caused	 by	 any	 other	
known	 mechanism	 operational	 in	 the	 air,	 such	 as	
winds,	 storms	or	human	activities.	Meteorological	sta‐
tions	in	Kathmandu	and	Pokhara	located	near	the	epi‐
center	 provided	 the	 reference	 data	 and	 all	 the	 infor‐
mation	used	 in	our	 analysis	of	 the	 temperature	 varia‐
tions	over	 the	 study	area.	The	area	 investigated	using	
statistical	 formulae	 covers	 the	 epicenter	 and	 the	 two	
cities.	 Seismological	 information	 for	 Nepal	 was	 re‐
trieved	 from	 USGS.	 The	 magnitudes,	 depths	 and	 mo‐







their	 confidence	 intervals	 (µ+2σ),	which	were	calcula‐
ted	 from	 the	 continuous	 data	 of	 3	months	 before	 and	
after	 the	 observed	 day,	 where	 µ	 and	 σ	 indicate	 the	
mean	and	standard	deviation	of	a	normal	distribution.	
This	 calculation	method,	widely	 applied	 in	 contempo‐
rary	research	[Akhoondzadeh,	2012;	Saradjian,	Akhoon‐
dzadeh,	2011],	was	used	 in	our	study	 to	 find	 temporal	
variations	beyond	the	confidence	interval.	
Further,	to	better	identify	the	right	anomaly	prior	to	
the	 earthquake,	 the	 method	 based	 on	 wavelet	 trans‐
formation	 in	2D	and	3D	spectra	was	employed	 to	 find	
the	 real	 fluctuation	 in	 the	MODIS	 and	 OLR	 data.	 This	
method	provides	for	proper	filtering	out	of	noises	and	
detects	underlying	perturbations.	It	is	often	noted	that	
some	 anomalies	 in	MODIS	 and	OLR	 can	 be	 caused	 by	
space	weather	conditions.	The	main	purpose	of	apply‐
ing	the	wavelet	transformation	is	to	identify	the	effects	
of	 earthquake	 perturbations	 directly	 over	 the	 epicen‐
ter.	 Following	 [Akhoondzadeh,	 2012;	 He	 et	 al.,	 2014],	
the	 governing	 equation	 of	 continuous	 wavelet	 trans‐
formation	is:	
	





ܹሺݑ, ݏሻ ൌ ோܹሺݑ, ݏሻ ൅ ݅ ூܹሺݑ, ݏሻ,	 (2)		
where	ܹ	 is	 comprised	 of	 real	 and	 imaginary	 parts,	

















The	 most	 important	 goal	 was	 to	 discover	 local	
anomalies	 that	 had	 occurred	 prior	 to	 the	 earthquake.	
Unrelated,	 hence	 “false”	 signals	 may	 arise	 from	 other	
sources	 such	 as	 space	weather	 conditions,	which	may	
influence	 the	 atmosphere	 at	 sometimes	 unexpected	
scales.	It	is	mandatory	in	the	wavelet	transformation	to	
apply	the	cross	wavelet	 transformation.	This	stage	ba‐
sically	 assesses	 if	 the	 signal	 is	 caused	 by	 the	 earth‐
quake	dynamics	 or	by	 any	other	 geological	 processes.	
The	mathematical	form	is:	
	
ܹ௑௒ሺݑ, ݏሻ ൌ ܹ௑ሺݑ, ݏሻܹ௒∗ሺݑ, ݏሻ.	 (4)	
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Equation	(4)	has	a	pair	of	complex	conjugate	 terms,	
where	 ܹ௒∗ሺݑ, ݏሻ	 is	 complex	 conjugate	 of	 ܹ௒ሺݑ, ݏሻ.	 In	
addition,	it	is	the	representation	of	a	cross	wavelet	pow‐
er	 spectrum	ܹ௑௒ሺݑ, ݏሻ.	 According	 to	 equation	 (4),	 if		
two	 temporal	 data	 sets	 are	 mutually	 correlated,	 their	
cross	wavelet	power	spectrum	would	show	a	high	ener‐
gy	region	as	compared	to	an	ordinary	region	within	the	
same	 spectrum	 [Cao,	Qiao,	2008].	 An	 anomaly	 is	 indi‐
cated	by	a	mutual	isolation	of	the	imaginary	part	from	
the	real	part	of	a	continuous	spectrum.	In	this	part,	the	
instantaneous	 time	 domain	 data	 are	 converted	 to	 the	
frequency	domain	by	adding	a	wavelet	factor	[Grinsted	
et	 al.,	 2004].	 After	 this	 conversion,	 a	 vanishing	 appli‐
cation	 is	 introduced	 in	 the	 form	of	 an	optimal	mother	
wavelet.	 The	 mother	 wavelet	 not	 only	 enhances	 the	
resolution	 of	 real	 anomalies,	 but	 also	 removes	 resi‐














T a b l e 	 1.	Earthquake	catalogue	based	on	the	USGS	data	
Т а б л и ц а 	 1.	Каталог	землетрясений	по	данным	USGS	
Date	 Lat	(°N)	 Lon	(°E)	 Depth,	km	 Mw	 Strike	 Dip	 Rake	
April	18,	2015	 27.01	 83.51	 25.6	 4.9	 306	 77	 92	
April	21,	2015	 28.65		 82.35 26.4 5.0 118	 44	 66
April	25,	2015*	 27.96	 83.55 12.0 7.8 287	 6	 96
April	25,	2015	 27.86	 84.93 10.0 6.1 284	 12	 94
April	25,	2015	 28.06	 84.82 10.8 6.6 271	 21	 94
April	25,	2015	 27.61	 84.96 15.0 5.1 201	 40	 93
April	26,	2015	 27.61	 86.96	 22.9	 6.7	 285	 12	 94	
N o t e.	*	–	the	devastating	earthquake	of	Mw=7.8.	
П р и м е ч а н и е.	*	–	разрушительное	землетрясение Mw=7.8.
M. Shah et al.: Thermal anomalies prior to the 2015 Gorkha (Nepal) earthquake… 
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unusual	 phenomena	 preceding	 the	 impending	 earth‐













graphical	 coordinates	28.2°N,	 84.6°E;	 geomagnetic	 co‐
ordinates	 19.05°N,	 158.81°E)	 hit	 the	 area	 near	 Kath‐
mandu	 causing	widespread	 loss	 of	 life	 and	 infrastruc‐
ture.	 Due	 to	 its	 shallow	 depth	 and	 high	magnitude,	 it	
perturbed	 the	 nearby	 regions	 along	 the	 fault	 line	
known	 as	 the	 Main	 Boundary	 thrust	 (MBT).	 The	 Na‐
tional	Disaster	Management	Authority	 of	Nepal	 decla‐
red	this	earthquake	the	most	devastating	in	the	decade.	
Such	 catastrophic	natural	disasters	 are	not	 infrequent	
in	the	Kathmandu	valley	due	to	the	continuing	collision	
of	the	Indian	subcontinent	with	the	Eurasian	Plate.	The	
region	 of	 Nepal	 between	 26°N	 to	 30°N	 and	 80°E	 to	
88°E	 is	classified	 into	different	zones	of	seismicity.	Fi‐
gure	 2	 indicates	 the	 different	 seismic	 zones	 of	 Nepal,	
where	the	epicenter	of	Mw=7.8	is	in	the	high	seismicity	
portion.	As	part	of	this	study,	we	find	that	this	seismic	
concentration	 is	 mirrored	 in	 the	 atmosphere,	 which	
reinforces	 our	 contention	 that	 the	 MODIS	 and	 OLR	
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	perturbation	 in	 the	 lower	 atmosphere	 before	 the	
earthquake	 in	 the	 study	 region.	 The	 perturbations	 in	





impending	 earthquake.	 The	MODIS	 LST	 images	 of	 the	
area	 within	 26–30°	 north	 and	 80–88°	 east	 were	 ave‐
raged	to	analyze	the	seismogenic	region.	Then,	the	up‐
per	 and	 lower	 bounds	 in	 the	 form	 of	mean	 and	 stan‐
dard	deviations	(µ±2σ)	were	calculated	for	the	normal	
distribution	 of	 LST	 to	 understand	 the	 instantaneous	
changes	 occurring	 prior	 to	 the	 earthquake.	 After	 im‐
plementing	 the	 statistical	 window	 of	 the	 confidence	
interval,	 a	prominent	 thermal	 infrared	anomaly	 in	 the	
reported	 air	 temperature	 data	 of	 Pokhara	 and	 Kath‐
mandu	can	be	noted	5	days	before	the	earthquake.	The	
anomaly	 is	 beyond	 the	 upper	 bound	 of	 5	 °C,	which	 is	
very	unusual.	The	LST	and	air	 temperature	anomalies		
	
T a b l e 	 2.	Enhancement	in	the	MODIS	LST,	OLR and air temperature




Air	temperature	in	Kathmandu		 20 April 2015 5	°C	

















неподалеку	 от	 эпицентра	 землетрясения	 (a).	По	 этим	данным	 выявлено	повышение	 температуры	 атмосферного
воздуха	в	связи	с	землетрясением	Mw=7.8.	Среднесуточные	значения	MODIS	(LST),	указанные	по	датам,	свидетель‐
ствуют	о	значительном	возмущении	20	апреля	2015	г.,	т.е.	за	5	дней	до	землетрясения	Mw=7.8	(b).	
M. Shah et al.: Thermal anomalies prior to the 2015 Gorkha (Nepal) earthquake… 
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occur	 at	 the	 same	 local	 time,	 indicating	 an	 unusual	
temperature	 behavior	 both	 in	 the	 land	 surface	 and		
the	 lower	atmosphere,	which	appears	 to	be	 related	 to		
the	 impending	 earthquake.	 According	 to	 [Saradjian,	
Akhoondzadeh,	2011],	MODIS	LST	and	air	 temperature	
anomalies	may	 come	 from	 the	 same	 source,	 but	 their	
mechanisms	 must	 be	 different.	 In	 fact,	 what	 these	
mechanisms	 are	 and	 how	 they	 differ	 is	 still	 not	 clear.	
Variations	in	topography	and	geophysical	conditions	in	
the	 area,	 as	 well	 as	 latitudinal	 variations	 may	 cause	
such	anomalies.	To	detect	 the	LST	anomaly	before	 the	
impending	earthquake,	the	wavelet	transformation	was	
applied.	According	 to	The	 energy	density	 spectrum	 in	
Figs.	4a	and	4b	show	that	20	April	2015	is	marked	by	
high	 values	 and	 reveals	 enhancements	 of	 two	 types,	
with	 the	 analytic	 wavelet	 transform	 (AWT)	 and	 the	
cross‐wavelet	 transform	 (XWT)	 both	 exhibiting	 the	
same	 effect,	 obviously	 due	 to	 the	 impending	 earth‐
quake.	The	LST	enhancement	is	higher	in	the	afternoon	
as	shown	in	Fig.	4b.	Our	data	do	not	include	variations	
of	 other	 geophysical	 events,	 which	 were	 found	 to	 be	
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enhanced	 to	500	 times	by	performing	 this	 step	 [Jianxi	
et	at.,	2008,	and	references	therein].	
In	this	study,	the	spatial	images	of	both	local	and	re‐
gional	 areas	were	examined	 to	 interpret	 the	 tempera‐
ture	maxima	over	the	epicenter	region.	The	images	for	
the	 16th,	 17th,	 19th	 and	 20thof	 April	 2015	were	 further	
analyzed	to	monitor	 the	path	of	 thermal	anomalies.	 In	
order	to	 focus	on	the	coupling	system,	the	MODIS	LST	




positing	 that	a	radon	release	 increases	 the	LST	due	 to	
vertical	electric	 fields,	ultimately	causing	thermal	ano‐
malies.	They	explained	the	mechanism,	how	radon	cre‐
ates	 vertical	 electric	 fields	 and	 how	 those	 fields	 can	
cause	thermal	anomalies.	In	our	paper,	Fig.	5	shows	an	




as	 shown	 in	Fig.	 6.	Although	 this	phenomenon	 is	 con‐
sistent	 with	 the	 eastward	 drift	 of	 atmospheric	 winds	
prior	to	the	earthquake,	it	is	burdened	by	many	uncer‐
tainties.	A	cluster	of	high	temperature	values	 is	detec‐
ted	 over	 the	 epicenter	 on	 20	 April	 2015	 on	 both	 the	







atmospheric	 precursors	 before	 the	 Mw	 7.8	 Nepal	
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OLR	data	included	information	about	the	thermal	radi‐
ation	emitted	 from	the	 lithosphere	 to	 the	atmosphere.	
Thus	it	is	appropriate	to	calculate	the	abnormal	ground	
radiation	before	 the	 earthquake.	We	 studied	 the	 daily	
OLR	grid	2.5×2.5°	(longitude	×	latitude)	as	a	function	of	
time	 relative	 to	 the	 earthquake	 day.	 The	 statistical	
methods	 detected	 the	 anomalous	 OLR	 values	 on	 21	
April	2015	(Fig.	7),	which	coincided	with	 the	anomaly	
in	 the	MODIS	LST	data.	This	 correlation	between	OLR	
and	 MODIS	 LST	 confirms	 that	 the	 transfer	 of	 energy		
	
		














epicenter	 (28.2°N,	 84.6°E).	 The	 earthquake	 date	 is	 show	
in	 a	 circle	 and	marked	 by	 the	 red	 vertical	 line.	 The	 OLR	
values	 are	 shown	 along	 the	 y‐axis.	 The	 dates	 are	 shown	
along	the	x‐axis.		
	
Рис.	7.	 Уязвимое	 значение	 OLR	 над	 эпицентром	 зем‐
летрясения	Mw=7.8	(28.2°	с.	ш.,	84.6°	в.	д.).	Дата	земле‐
трясения	обведена	кружком	и	отмечена	красной	вер‐
тикальной	 линией.	 Значения	OLR	 показаны	по	 оси	 y.	
Даты	показаны	по	оси	х.		
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from	 the	ground	 to	 the	atmosphere	as	 caused	by	pro‐
cesses	 linked	 to	 the	 impending	 earthquake.	 It	 shows	
that	 the	 atmosphere	 is	 sensitive	 to	 short	 term	 earth‐
quake	precursors.	As	depicted	in	Fig.	8a	and	8b,	wave‐
let	transformation	was	applied	to	the	OLR	data	to	bring	
out	 the	 pre‐earthquake	 anomaly.	 It	 shows	 that	 the	
anomaly	on	April	 21st	 is	5	units	 greater	 than	 the	ano‐
maly	near	the	earthquake	date.	Such	an	extremely	large	
anomaly	gives	evidence	of	the	advantage	of	the	wavelet	
transformation	 analysis.	 The	 density	 spectrum	 values	
are	 large	close	 to	 the	earthquake	date,	 indicating	 that,	
indeed,	a	relation	exists	between	the	OLR	anomaly	and	
the	earthquake	as	illustrated	in	Fig.	8b.	
The	 OLR	 results	were	 further	 validated	 by	 investi‐
gating	 the	daily	 images	obtained	 from	NCEP	(National	
Centers	 for	 Environmental	 Prediction,	 USA).	We	 used	
the	method	 described	 in	 [Pulinets	et	al.,	2006b;	Qin	et	
al.,	2012]	to	acquire	the	OLR	data	as	shown	in	Fig.	9.	A	
significant	 OLR	 anomaly	 is	 seen	 to	 hover	 over	 the	
earthquake	 breeding	 zone	 with	 maximal	 values.	 The	
OLR	anomaly	of	April	21st	followed	the	path	of	the	fault	
line	and	 it	 is	a	 clue	 to	 the	 impending	earthquake.	 It	 is	
also	 evident	 that	 the	 OLR	 anomaly	 moved	 along	 the	
fault	line	from	April	19th	to	April	22nd.	A	possible	cause	
for	this	drift	could	be	the	strong	wind	in	the	seismoge‐


















There	 is	 no	 other	 reliable	 tool	 to	 monitor	 thermal	
perturbations	 in	 the	 atmosphere	 other	 than	 the	 satel‐
lite	 instruments.	 The	 observations	 presented	 in	 this	




atmospheric	 anomalies	 formed	 along	 the	 fault	 lines.	
The	correlation	between	MODIS	and	OLR	suggests	that	
the	 thermal	 anomalies	 are	 linked	 to	 an	 impending	
earthquake.	The	OLR	anomalies	can	provide	important	
information	 about	 the	 chemistry	 of	 the	 upper	 atmos‐
phere.	The	OLR	images	mentioned	above	indicate,	that	
most	of	 the	energy	accumulated	west	of	 the	epicenter	







malies	 were	 examined	 from	 the	 MODIS	 LST	 and	 OLR	
data	 using	 the	 statistical	 and	 mathematical	 methods.	
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mosphere	prior	to	the	main	shock	that	hit	on	25	April	
2015.	 The	 atmospheric	 temperature	 values	 obtained	
from	the	nearby	meteorological	stations	also	show	the	
perturbations	 prior	 and	 after	 the	Mw	 7.8	 earthquake.	




charges	 from	 the	 epicenter	 of	 the	 impending	 earth‐
quake.	As	shown	in	Table	1,	four	aftershocks	of	Mw>6	
were	 recorded	 after	 the	 main	 shock	 of	 Mw=7.8.	 This	
could	 justify	the	existence	of	a	huge	amount	of	energy	
over	the	epicenter	following	the	Mw=7.8.	
The	 TIR	 anomalies	 and	 their	 association	 with	 the	
earthquake	in	hilly	terrain	areas,	like	those	in	our	case	
study,	 have	more	 uncertainties.	 However,	 the	 anoma‐
lous	features	in	atmospheric	temperature	and	OLR	are	
supporting	 LST	 abnormalities.	 The	 LST	 images	 were	
used	 in	 [Piroddi	et	al.,	2014a;	2014b]	 for	 the	detection	
of	 TIR	 anomalies	 in	 the	 hilly	 terrain	 region	 hit	 by	 the		
M	 6.3	 L’Aquila	 earthquake.	 However,	 Figure	 1b	 of	
Piroddi	 et	 al.	 [2014a]	 does	 not	 show	 significant	 TIR	
anomalies	 over	 the	 epicenter,	 which	 is	 a	 controversy	
over	 the	 theory	of	hot	 gases	 emission	 from	 the	earth‐
quake	breeding	zone.	However,	it	illustrates	the	associ‐
ation	 of	 the	 TIR	 anomalies	 with	 the	 earthquake	 sur‐
rounding	 areas.	 They	 further	 identified	 the	 enhanced	
thermal	 gradient	 of	 TIR	 around	 the	 epicenter	 in	 the	
nighttime	 section.	 On	 the	 other	 hand,	 Cervone	 et	 al.	
[2006]	 found	 thermal	 anomalies	 before	 some	 coastal	
earthquakes.	 Based	 on	 the	 wavelet	 transformation	 of	
the	 long‐term	 LST	 data,	 they	 showed	 the	 vulnerable	
zones	in	the	atmosphere	over	the	epicenter	before	the	
impending	 earthquake.	 The	 credibility	 of	 the	 litho‐
sphere	 for	 the	 generation	 of	 TIR	 anomalies	 was	 dis‐
cussed	 in	 [Cervone	et	al.,	2006;	Saraf	et	al.,	2008;	Zhou	
et	al.,	2010].	
In	 this	 study,	 a	 significant	 enhancement	 in	 LST	 is	
seen	5	days	prior	to	the	earthquake.	The	statistical	re‐






the	 OLR	 data	 over	 Nepal	 was	 consolidated	 and	 ana‐
lyzed.	 The	 spiky	 peak	 of	 the	 daily	 averaged	OLR	 data		
on	 amounts	 to	 32	 W/m2	 on	 21	 April	 2015,	 which	 is	
more	than	10	W/m2	higher	than	the	usual	distribution.	
The	 OLR	 data	 analysis	 shows	 that	 thermal	 anomalies	
are	 traveling	along	 the	 fault	 line	 from	 the	19th	 to	22nd		
of	April	prior	to	the	earthquake.	
A	number	of	studies	[e.g.	Kang	et	al.,	2008;	Ouzounov	




the	 earthquake	 breeding	 zone.	 The	mechanism	 of	 the	
generation	 of	 OLR	 anomalies	 before	 the	 earthquake	
under	the	lithosphere‐atmosphere	coupling	model	was	
discussed	by	Kang	et	al.	[2008].	Ouzounov	et	al.	 [2007]	
also	 illustrated	 the	 TIR	 anomalies	 by	 using	 OLR	 data	




As	 shown	 in	 Fig.	 10,	 the	 TIR	 and	 ionospheric	 ano‐
malies	 are	 portrayed	 in	 association	 with	 the	 earth‐
quake.	The	idea	of	Fig.	10	was	taken	from	the	previous		
findings	 of	 [Pulinets	 et	 al.,	 2006b;	 Freund,	 2010].	 The	




A	 number	 of	 theories	 and	 models	 have	 been	 pro‐




thermal	 anomalies	 is	 the	 release	 of	 hole	 charges	 from	
the	rocks,	which	are	subjected	to	stress	[Freund,	2010].	
Rocks	 under	 stress	 can	 generate	 more	 and	 more	 hole	
charges	 during	 the	 earthquake	 preparation	 period.		
These	 surface	 charges	 distribute	 in	 the	 surrounding		
	
Fig.	 10.	 An	 assumed	 configuration	 of	 thermal	 anomalies





малий	 в	 атмосфере	между	 литосферой	и	ионосферой.
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atmosphere around the earthquake epicenter. Apart from this, the complex reaction between the surface charges and light ions in the atmosphere may cause TIR anomalies. 
Pulinets and Ouzounov [2011] presented a model named LIAC showing the connection between the anomalies in the lithosphere and atmosphere and the evolution of atmospheric anomalies. Recently, Kuo et al. [2011] formulated a coupling model for the stressed rock – Earth surface charges – atmosphere – iono-sphere system. It was shown that the earthquake-induced hole charges are involved in the generation of seismic atmospheric anomalies. These hole charges may cause the thermal anomalies, which may produce vertical electric fields in the ionosphere. In our case study, the thermal anomalies detected from the MODIS and OLR measurement data may be due to the Mw 7.8 earthquake but an explicit relation has not yet been revealed. It is challenging to gain a complete under-standing of the mechanism for the lithosphere – atmo-sphere coupling, which still needs more investigation.    
4. CONCLUSION  The instantaneous enhancement in different atmos-pheric constituent ions prior to the Mw 7.8 Nepal 
earthquake demonstrates that the occurrence of such anomalies may be a precursor of an impending earth-quake, while other geophysical events cannot generate such perturbations. Our case study shows that the ground and satellite temperature, as well as OLR mea-surement datasets can provide a comprehensive plat-form to study the seismic anomalies and the character-istics of tiny particles raised from the earthquake breeding zone. It was revealed that the MODIS LST and OLR anomalies strictly follow the fault plane. It means that thermal anomalies are detectable along the seis-mogenic zones. Another interesting thing discovered is that the Earth surface temperature and the OLR ano-malies formed dense clouds around the epicenter 10 days before the earthquake. The anomalies in surface temperature and OLR can provide insights about the future earthquake, however, more work need to prove the mechanism.   
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